compared to unmodified fibrin fibers which were found to stretch to 2.47 times their original length. From these results it is expected that synthetic B-knob concentration impacts the mechanical properties of modified fibrin fibers. The binding constants for AHRPYAAC were found to be 30.3 mM and 80.1 mM while the binding constants for AHRPYAAC-Peg were found to be 1.75 mM and 57.2 mM.
1
UTHSCSA, San Antonio, TX, USA, 2 U.S. Food and Drug Administration, Bethesda, MD, USA. Polymerization of a mutated form of antitrypsin is postulated to cause serpinopathy, a rare and incurable genetic disease. Antitrypsin is the canonical member of the serpin superfamily of structurally homologous proteins with metastable native structures. Most of serpins, including antitrypsin, are regulators of serine and cysteine protease cascades, and protect tissues from excessive actions of extracellular proteolytic enzymes. Polymerization of the mutant Z variant of antitrypsin results in the ''loss of function'' proteolytic damage of lungs, or in the ''gain of function'' degeneration of liver cells, loaded with toxic polymers. The understanding of polymerization mechanism holds the key to disease prevention, diagnostics and cures. However, metastability of serpins and complexity of their polymers makes structural studies a difficult task. There are several models of polymerization, based on in vitro studies and molecular modeling, however their relevance to in vivo polymerization and disease etiology has not been established. Here we employed atomic force microscopy (AFM) to compare topography of in vitro and in vivo formed antitrypsin polymers and oligomers. We found that commonly used in vitro methods to induce polymerization result in formation of topographically a very diverse population of oligomers. Most, if not all classes of the in vitro formed oligomers corresponded to similar classes of oligomers isolated from liver. The in vitro polymerization, however did not produce long strands of polymerized antitrypsin. The presence of such strands is the most striking feature in liver cells of human serpinopathy patients and in a mouse model. Here, we report results of our scanning probe microscopy structural analysis of long serpin polymers and propose the mechanism of their formation.
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Extracting Elastic Properties of Heterogeneous Layered Materials using Atomic Force Microscopy (AFM) Jia-Jye Lee 1,2 , Satish Rao 1 , Gaurav Kaushik 3 , Evren U. Azeloglu 1 , Kevin D. Costa 1 . 1 Mount Sinai School of Medicine, New York, NY, USA, 2 The City College of New York, New York, NY, USA, 3 University of California, San Diego, La Jolla, CA, USA. AFM nano-indentation is used to evaluate micro-mechanical properties of biological samples. However, such samples often have multi-components with heterogeneous properties, whereas traditional data analysis yields an aggregate modulus that may not represent the individual constituents. This study aimed to develop an analysis technique that can extract individual elastic moduli from AFM indentation tests on heterogeneous multi-layered samples. Building on a modified homogenization theory (Li, Acta Mechanica, 2005), finite element modeling (FEM) was used to simulate the indentation response of layered samples and determine the relationship between equivalent volume ratio (f U ) versus indentation depth (D), and to examine whether the relative substrate (E 1 ) and inclusion (E 2 ) properties could be extracted from depthdependent apparent modulus values (E pw vs. D). To validate the FEM, twolayered polydimethylsiloxane (PDMS) samples were fabricated with a top 5-um thick inclusion on a 50-um substrate layer, and were indented to 3-um depth with a 15-um spherical-tipped silicon probe. Our computational studies indicated that f U vs. D was highly influenced by the inclusion and indenter geometries, but was insensitive (<10% variance) to component properties. Thus, for a given indentation configuration, an average f U vs. D relationship was used as a master curve. Next, E 1 and E 2 were de-homogenized by combining the E pw and master curves to obtain E pw over a range of f U , yielding estimates of E 1 and E 2 with the coefficient of variation <10%. The ratio of experimentally recovered E 2 to E 1 was 0.6650.14 (n=3) for the soft inclusion on stiff substrate (E 2 <E 1 ), which was consistent (<5% error) with a ratio of 1.4550.18 (n=4) for the stiff inclusion on soft substrate configuration (E 2 > E 1 ). Thus, our proposed method extracted heterogeneous properties of double-layered PDMS, and provides an approach to study layered biological samples using AFM indentation.
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Understanding the Mechanical Properties of Microalgae using Atomic Force Microscopy Kristin M. Warren, C. Fred Higgs III, Philip LeDuc. Carnegie Mellon University, Pittsburgh, PA, USA. The ability to understand the mechanical properties of microalgae is extremely important in diverse applications. To obtain a better comprehension of algae cell response, we mechanically characterized single Scenedesmus dimorphus cells to understand their structural response. To accomplish this, we used atomic force microscopy to image dry S. dimorphus cells, which enabled us to map the AFM measurements to a location on the individual cells. We were then able to perform force measurements on the AFM to determine the Young's modulus of S. dimorphus. These findings are enabling us to understand mechanical properties of a single Scenedesmus dimorphus cell, which may be useful in areas such as energy.
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Characterization of Curli a Production on Living Bacterial Surfaces by Scanning Probe Microscopy Yoo Jin Oh 1 , Yidan Cui 2 , Hyunseok Kim 2 , Yinhua Li 2 , Peter Hinterdorfer 1 , Sungsu Park 2 . 1 Institute for Biophysics, Johannes Kepler University Linz, Linz, Austria, 2 Department of Chemistry and Nano Science, Ewha Womans University, Seoul, Korea, Republic of. Curli are adhesive surface fibers produced by many Enterobacteriaceae, such as Escherichia coli and Salmonella enterica. They are implicated in bacterial attachment and invasion to epithelial cells. In this study, atomic force microscopy was used to determine the effects of curli on topology and mechanical properties of live E. coli cells. Young's moduli of both curli-deficient and curlioverproducing mutants were significantly lower than that of their wild-type strain, while decay lengths of the former strains were higher than that of the latter strain. Surprisingly, topological images showed that, unlike the wildtype and curli-overproducing mutant, the curli-deficient mutant produced a large number of flagella-like fibers, which may explain why the strain had a lower Young's modulus than the wild-type. These results suggest that the mechanical properties of bacterial surfaces are greatly affected by the presence of filamentous structures such as curli and flagella.
2631-Pos Board B650 Effect of Disease and Acute Exercise on Single Fibrin Fiber Properties
Wei Li 1 , Justin Sigley 1 , Stephen Baker 1 , Martin Guthold 1 , Peter Brubaker 1 , Marlien Pieters 2 . 1 Wake Forest University, Winston Salem, NC, USA, 2 North-West University, Potchefstroom, South Africa. Fibrin fibers are the major structural component of a blood. their properties affect wound healing and diseases, such as heart attacks and strokes. Working with purified fibrinogen, we have found in recent years that fibrin fibers have extraordinary extensibility and elasticity 1,2. Working with clots formed from plasma, we have now begun to correlate the mechanical properties of single fibrin fibers with diseases. This work provides a new approach to understanding blood clotting and related diseases. using a combined atomic force microscopy (AFM)/optical microscopy technique we determined the mechanical properties of single fibrin fiber of individuals who have cardiovascular disease (CVD), diabetes, or who have undergone an acute bout of strenuous exercise. We found that fibrin fibers from old individuals with CVD are much more stretchable (~1.5 times), elastic (~1.4 times) and much stiffer (higher modulus) than those from healthy people. Moreover, we found that acute exercise also has a significant effect on fibrin fiber mechanical properties; fibrin fiber extensibility decreases significantly after exercise. Diabetes does not have a significant effect on single fibrin fiber mechanical properties. However, in the diabetes data we saw a correlation between fibrinogen concentration and fiber stiffness; fibrin fibers become stiffer as fibrinogen concentration increases. 
